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Abstract
Introduction: The umami taste comes from glutamate and 5 ribonucleotides including inosinate
and guanylate, which appear naturally in many foods. It can be identified by monosodium glutamate,
being considered as a subtle taste, but blending well with other tastes, expands and enhances the
flavor. Objective: to identify umami taste thresholds in children with ALL or NHL and in healthy
school children and to correlate taste sensitivity with nutritional status, age and gender. Methods:
The threshold sensitivity test was applied to determine umami taste using 6 solutions containing
increasing concentrations of deionized water and monosodium glutamate. Subjects were weighed
and measured, and BMI was calculated to determine nutritional status. For statistical analyses were
used version 2.6.6 of the R Statistical software and Mann-Whitney and Kruskal-Wallis tests with
descriptive levels (p = 0.05). Results: The sample consisted of 102 patients and 42 school children,
and that subjects were male (53.9% and 54.8%), eutrophic (63.7% and 69.0%) and aged from 6 to
9 years (58.8% and 52.4%), respectively. Most patients (92.0%) and school children (97.4%) were
sensitive to umami taste and had similar umami taste threshold values. No statistically significant
difference was found between umami taste thresholds of sensitive patients and school children,
BMI, gender. Conclusions: Perception of umami taste was independent of gender, age, nutritional
status or presence of disease.
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INTRODUCTION
The umami comes from glutamate and 5
ribonucleotides, including inosinate and guanylate,
which appear naturally in many foods, such as meat,
fish, vegetables and dairy products. The umami
taste is subtle, but blending well with other tastes,
expands and increases the flavor1.
Foods and ingredients rich in amino acids such
as monosodium glutamate or based on protein
hydrolysates (soy or fish) have been used in culinary
preparations for a long time in various cultures to
enhance the sensory qualities in food. In Japan,
pleasant flavor enhancer was described by word
umami, which means delicious2.
Acute lymphoblastic leukemia (ALL) is the
most frequently occurring cancer in the pediatric
population worldwide. Another high incidence child
cancer is lymphoma, particularly Non-Hodgkin
Lymphoma3.
In Brazil, cancer is the second most common
cause of death among children aged 1 to 14 years,
mirroring data for the United States, and is
exceeded only by accidents and violence4.
Chemotherapy agents can cause changes in
taste / smell perception, drying of the mouth,
nausea and/or vomiting, which contributes to a
lowering of food intake. Taste alterations and smell
alterations are a frequently observed, yet
understudied side effect in chemotherapy patients,
considerably affecting the patients’ quality of life,
including children 5,6. This reduction compromises
nutritional status, response to treatment and quality
of survival of patients 6,7.
Food choice and acceptance of children are
based on the sensory properties of the food 8 and
including taste, smell and psychological state of the
individual9. Taste in food reflects in part the
consumer’s social and cultural origins, social
ambitions and the cultural capital acquired, either
as part of their education 10.
Sense of taste results directly from detection
and response to sweet, salty, sour, bitter and umami
stimuli. The monosodium glutamate (MSG) identify
the umami taste and is classified as a flavor
enhancer11.
The consumption of industrialized food, which
contains MSG, like sausages and pasta, is high
among healthy children and children with cancer12,13.
Studies demonstrated the importance of the sensory
experience in determining pleasantness and
subsequent choice of food within a meal14. Threshold
test is one of the tools of sensory analysis that can
measure responses to stimuli with regard to food
acceptance15.
The aims of this study were: (i) to identify
umami taste thresholds in groups of children with
acute lymphoblastic leukemia and non-hodgkin
lymphoma undergoing chemotherapy and in a group
of healthy school children; and (ii) to verify the
relationship among umami taste threshold and
gender, age, nutritional status and presence of
disease, between the study groups.
METHODS
A transversal type study was performed
involving 94 pediatric patients, aged from 6 to 15
years, being treated for acute lymphoblastic leukemia
(ALL) and non-hodgkin lymphoma (NHL) cancer at
2 of the most important treatment centers of cancer
in São Paulo. Also participated in the study 41 healthy
school children enrolled at a private school in São
Paulo, of the same age group as patients.
Exclusion criteria were the presence of fever,
influenza or any complication in the mouth cavity
and who were unable to express themselves were
excluded. Children in the induction phase of
chemotherapy and/or in use of corticoids (given that
they increase appetite and blood pressure) and
individuals whose guardians did not sign the free
and informed consent term were also excluded.
The following anthropometric measurements
were taken: body weight (weighing scales accurate
to ± 0.1 Kg) and height (use of stadiometer accurate
to ± 0.1 cm) were taken in duplicate, and nutritional
status was assessed using the body mass index –
BMI16.
Nutritional status was assessed based on
tables of the National Center for Health Statistics
(2000)17, and Ministry of Health percentiles (2008)18.
Cut-off points of BMI for age in children aged under
10 years and over 10 years were: < 3rd Percentile
= Low BMI for age; > 3rd Percentile and < 85th
Percentile = adequate BMI or eutrophic;
> 85th Percentile and < 97th Percentile = overweight
and > 97th Percentile  = obese.
Individual tests were carried out at the
institutions of treatment and at the school within a
noise and smell free local, at a nice temperature
and in natural light15.
The samples were prepared at the
Bromatology Laboratory of the Department of
Faculty of Public Health of the University of São Paulo
using deionized water to make up solution, and
analytical balance (Mettler Toledo) to quantify the
solute. The reagent (solute) used was monosodium
glutamate. Based on studies conducted by the Joint
FAO/WHO Expert Committee on Food Additives
(JECFA) and the Food and Drug Administration
(FDA), the National Health Surveillance Agency
(ANVISA) considers monosodium glutamate safe for
human consumption19,20.
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Solutions of deionized water and MSG were
prepared weekly and stored in 250ml plastic bottles,
duly labeled and stored at room temperature in a
ventilated place 21.
The concentrations used in the present study
were based on those employed by MOJET et al.
(2003 and 2005)22,23 and adapted according to the
results of pre-tests performed in 20 children. The
six solutions used were: 0.49; 0.79; 1.25; 1.99;
3.15 and 4.98 g/L. The samples were presented in
pairs (solutions and deionized water) in a series of
six progressively higher concentrations whereby the
taster indicated whether they detected a stimulus.
A standard solution was offered (deionized
water) and children had to state if the paired
samples tasted the same (non detection) or different
(detection, provided the solution was identified
correctly). Solutions were presented until the
children detected a stimulus on two consecutive
occasions, at which point the sequence was halted.
The test was applied in duplicate.
Patients and healthy children that detected
umami by the third solution offered, i.e. at a
concentration of 1.25 g/L, were considered sensitive
to the umami taste. Subsequent analyses were
performed in umami-sensitive groups according to
the variables: presence of cancer, treatment phase,
gender, age, and nutritional status.
The data collected were stored on a Microsoft
Office Excel 2007 database. The sample was
characterized by distribution of the frequency of the
variables with the aid of the Epiinfo statistics
package (Version 6.0)24.
Statistical analyses and graphs were
produced using the R statistical software (version
2.6.2).25 Mann-Whitney and Kruskal-Wallis tests
were employed for assessing sensitivity and other
variables, both using descriptive levels (p = 0.05).26
The study was approved by the Ethics
Committee of Research of the Faculty of Public
Health of the University of São Paulo. The
institutions in which the study was run, as well as
the parents or guardians, signed the consent term
pursuant to the norms of resolution n° 196 of 10th
of October 1996 of the National Health Council.
RESULTS
In terms of sensitivity to umami taste,
amonsg the 144 children, some detected the taste
at concentrations above the average for the group
and were considered outliers. This group was
classified as less sensitive, and comprising eight
patients (7.8%) and one school child (2.4%), which
only detected beyond the third umami´s solution
offered, i.e. a concentration greater than 1.25g/L.
Thus, for the study were included 135 children who
were considered susceptible to umami taste.
Most children were male (54.8% school
children and 58.9% children with cancer), eutrophic
(69.0% e 63.7%) and the majority aged between
6 and 9 years. Among those with cancer, most hsd
acute lymphoblastic leukemia, and were in the
maintenance phase of chemotherapy.
Among the patient population considered
sensitive, 80 (78.4%) children had Acute
Lymphoblastic Leukemia and 22 children (21.6%)
had Non-hodgkin Lymphoma. No statistically
significant difference was found between the groups
for disease type (p = 0.6338) (Wilcoxon) and
therefore all patients were pooled into a single
cancer group.
The distribution of umami taste thresholds
by gender of patients and school children are in
Table I.
Table 1: Mean, and standard deviation of detection thresholds in children with cancer and schoolchildren
by presence of disease and phase of treatment. São Paulo, Brazil. 2008/2009
Variable Mean Thresholds Standard Deviation n
Cancer
No* 0.5812 0.14 41
Yes* 0.6306 0.16 94
Treatment Phase**
Increased - Consolidation 0.58 0.15 11
Maintenance 0.64 0.17 83
Without cancer 0.58 0.14 41
Wilcoxon* (χ2 = 1.562) (p = 0.06)
Kruskal-Wallis** (χ2 = 4.3723) (p = 0.11)
– 139 -
Characterization of umami taste sensitivity in children with and without cancer Journal of Human Growth and Development 2013; 23(2): 136-143
The patient and healthy schoolchildren groups
had similar umami taste threshold values, where
the mean, third quartile and standard deviations of
children with cancer were slightly higher than those
of healthy children. However, no statistically
significant difference was found between umami
taste thresholds of sensitive patients and school
children.
The children with cancer in the maintenance
phase had higher median, mean, third quartile and
standard deviation values than did children in the
increased-consolidation phase. No statistical
difference was found in. assessments of the
relationship between patients at maintenance
phases and healthy school children.
The distribution of the sample in terms of
nutritional status was depicted in Table 2 and Graph 1.
Table 2: Mean, and standard deviation of detection thresholds in children with cancer and schoolchildren by nutritional
status, gender and age. São Paulo, Brazil. 2008/2009
                                    Schoolchildren Children with cancer
Nutritional Status* MeanStandard Deviation n Mean Standard Deviation n
Eutrophic 0.58 0.14 31 0.62 0.16 62
Obese and Overweight 0.58 0.12 10 0.63 0.17 24
Underweight 0.70 0.20 8
Gender**
Female 0.57 0.12 18 0.62 0.15 43
Male 0.59 0.15 23 0.64 0.18 51
Age***
6 - 8 years 0.64 0.05 5 0.62 0.19 10
8 - 10 years 0.58 0.18 13 0.59 0.15 15
10 - 12 years 0.60 0.10 10 0.63 0.16 14
12 - 14 years 0.55 0.21 5 0.67 0.19 36
> 14 years 0.54 0.10 8 0.70 0.11 19
Kruskal-Wallis* (χ2 = 4.8612) (p = 0.30)
Kruskal-Wallis** (χ2 = 3.6992) (p = 0.29)
Kruskal-Wallis*** (χ2 = 9.1933) (p = 0.41)
Graph 1: Distribution of umami taste thresholds by nutritional status. São Paulo, Brazil. 2008/2009
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The umami taste detection threshold
according to nutritional status of patients and
healthy school children were similar, while
malnourished children with cancer presented higher
values for first and third quartiles, mean and
standard deviation, as they seems to be less
sensitive to umami taste that school children.
However, on statistical analysis, no significant
difference was found between umami taste
detection and nutritional status.
The distribution of umami taste thresholds
of patients and school children by gender are
depicted in Graph 2 and Table 2.
Graph 2: Distribution of umami taste thresholds by gender. São Paulo, Brazil. 2008/2009
No significant difference was found between
umami taste detection and gender, but it is possible
to observe a trend from the Graph II, where girls
with cancer tend to be more sensitive to umami.
Analysis of the relationship among umami
sensitive patients and school children and age
revealed no statistical difference.
The children with cancer aged 14 years or
older had higher first and third quartile and median
values than the other children. As they seems to be
less sensitive to umami taste that the younger
children. However, analysis of the relationship
among umami sensitive patients and school children
and age revealed no statistical difference.
DISCUSSION
The study population comprised predo-
minantly male children undergoing treatment for
ALL (80%). These data are in line with those of
recent studies which report that ALL is the most
prevalent type of cancer and more frequently found
in boys27,28.
The fact that the disease has a higher peak
incidence and treatment lasts an average of 2 to 3
years means that the age group e” 6 years-and-
older has a higher number of children undergoing
treatment18. This finding is also in agreement with
the data of the Population Cancer Register, where
the highest percentage of leukemia was found at 8
years of age in girls and 10 years of age in boys,
while incidence of lymphoma peaked at 10 years in
boys and 4 years in girl3.
Lymphoma is the second most frequent
childhood cancer after leukemia, with an incidence
of 11.3% in minors under 15 years of age, whereas
the non-hodgkin type is the most frequent in
childhood cases, having an incidence of around
60.0%3.
With regard to treatment phase, the majority
of patients were in the maintenance phase at the time
of the study, given this stage of treatment is longer
than the others described in the protocols used.
The distribution of the study population in
terms of nutritional status is in accordance with the
results obtained by ELMAN and PINTO e SILVA29
whose study assessing 40 children with acute
lymphoblastic leukemia found 7.5% of children to
be underweight, 65.0% eutrophic and 27.5%
overweight or obese.  Although the study involved
a population with disease, the findings mirrored the
pattern found in healthy populations, according to
the recent study30.
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Among children without diseases, school
children have shown overweight as could be seen
in a recent study conducted in a private school in
Taubaté, São Paulo, where excess of weight was
observed in 43.4% of the sample, being considered
a high rate among the population30.
The group of school children had a similar
age and gender distribution to the children with
cancer. However, in terms of nutritional status, there
were no malnourished and a higher percentage of
overweight children in the healthy group compared
to the cancer group. The group of children with
cancer showed malnourished (8.8%) and this can
be related with the treatment or economic status.
Children with cancer showed 27.4% of overweight/
obese and this can be related with drugs, like
corticoids that may mask the nutritional status.
No differences were detected that were able
to determine the sensitivity to umami between the
two groups (with cancer and healthy). This may be
due to the fact that children, regardless of disease,
present your food intake based on the joy that
provide food, and nutritional value comes as a
result31. Thus during childhood preferences and food
aversions are developed and possibly knowledge
sensitivity to basic tastes.
In 2007, Bossola et al.31 suggested that
cancer patients, similar to healthy individuals, were
able to distinguish easily among the five
concentrations of each additive (sweet, sour, bitter
and salty) in the beverages and that their taste
sensitivity was not reduced.
Children in age group studied use to consume
industrialized food, which is rich in glutamate. The
dietary habits of healthy children and children with
cancer are similar, thus no differences were found,
since the consumption of foods was similar for both
groups. The eating habits of healthy children and
children with cancer are similar, so no differences
were found, since food intake was similar for both
groups.
Nutritional counseling is required for this age
group. Children with diseases deserve attention to
monitor any deviation in food intake and receive
nutritional intervention adequate to not harm the
treatment, growth and development. However,
children with diseases may change their appetite,
limiting the intake of nutrients and calories. This
change in consumption pattern can impact the
nutritional status and, in the case of children with
cancer, affect the recovery rate.
No statistically significant difference was
found between umami taste thresholds and
presence of cancer, gender, age, and nutritional
status. Thus, in this study population, these
variables were not factors determining umami taste
detection or influencing sensitivity.
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